Introduction
The widespread concern in developed and developing countries to generate clean and sustainable energy, has led to search for alternative sources for non polluting power generation such as wind power. Although electric power generating costs by harnessing the wind resource are still higher than production with conventional plants, the difference is being reduced, depending on the system capacity. Integrating wind power systems to distributed generation scheme, the efficiency of transmission and distribution may increase.
An specific application of wind generation is to provide electric energy for street lighting in cities or towns close to wind farms. In Mexico, the cost of wind power electricity may satisfy the demand in public lighting with acceptable cost per kWh.
Since ancient times, the wind has been used for various purposes, including navigation, grain mills and irrigation. It was until the early twentieth century when wind power started his application in electric generation. It was more expensive, though, to produce electricity from wind power than with conventional fossil fuels plants. In recent decades, the technology development to harness the wind resource has accelerated, and today many countries use the wind resource on a large scale at competitive costs. It started with small generators using a few watts of power, and currently there are up to 5 MW wind turbine generators with possible capacity of 7, 10 and 20 MW for the coming years [1] . Figure 1 shows the growth of wind turbines related to their installation heights.
This chapter provides a study concerning an estimation of wind resources and the possibility of supplying electricity for street lighting from wind farms in the state of Zacatecas, Mexico. It also presents a summary of environmental impact concerning the tons of CO 2 not released to the environment using this type of generation. 
Wind resource in Mexico
According to a wind resource evaluation performed in 1995 by Schwartz and Elliott [2] , México has interesting regions with wind capacity to produce electric energy. The wind power prospective in Mexico 2011-2025 reported by SENER [4] - [5] , estimates a wind resource of 71,000 MW considering capacity factors between 20% and 30% ( 
Wind power plants in Mexico
The significant wind power plants installed in Mexico have been developed during the last seven years. Almost all plants have been installed in Oaxaca, due to its high wind potential, although other regions are being considered. Some other areas are currently being monitored for possible wind exploitation. Table 2 shows the wind power projects developed until 2010, according to SENER [5] and AMDEE [6] .
At the end of 2011, the wind capacity installed in Mexico reached 873 MW (position 19 in the global ranking, according to GWEC [7] ). There are some other projects in planning stage to be constructed during the next three years, expecting a total capacity of 6,792.7 MW at the end of 2014 [6] . Table 2 . Wind power plants in operation in Mexico at the end of 2010 [5, 6] The Energy Department, SENER [4] , expects a continuos and sustained growing in all renewable energy sectors for electric energy production, predicting a total wind capacity of 11,703 MW at the end of 2024. Table 3 shows the distribution of expected electricity production with all types of renewable resources. It can be observed that wind power capacity will be the second resource (39.6%), only after hydroelectric power. The total predicted value is 31,854 MW. Total 31,854 100.0 Table 3 . Predicted values of electricity production from renewable energy resources in Mexico in 2024 [4] 
Wind resource estimation
The construction feasibility of any wind project requires the fulfillment of several points, such as: e. Environmental studies.
f. Economical / social studies.
g. Geographical access.
h. Legal permits.
i. Wind turbine/generator electro-mechanical modeling.
j. Technical /economical analysis of the wind plant.
The impact of wind generation projects must be evaluated by two fundamental factors: enviromental issues and power electric grid characteristics.
In the first case, it can be outlined the following impacts [8] :
• Atmosphere.
• Effects on flora.
• Effects on birds.
• Visual.
• Noise.
The impact of wind power generation on the power electric grid may be measured on short, middle and large periods of time, taking into account factors as:
• Level of penetration.
• Capacity of electric grid.
• Structure of power generation.
The level of possible penetration can be determined by (a), (b) y (c) described above in the wind resource estimation.
The wind resource estimation of the site requires monitoring of several climate variables as wind speed, wind direction, temperature and atmospheric pressure taken, at certain hight, every two minutes during, at least, twelve consecutive months. All data obtained is statistically processed through specialized computational tools to obtained plots and characteristics curves [9] - [10] like wind rose wind speed-frequency distribution curve. The wind resource of a region (wind map) is obtained later, considering the data of several sites. 
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With the wind maps and their corresponding wind roses, the next step to calculate the wind plant is to select the specific area within the studied region that fulfill the environmental requirements.
A wind power plant or wind farm, usually have several wind turbines distributed in the selected area in such a way the available wind resource can be well exploited. The proper turbines arrangement is obtained, generally, by using computational tools and digital simulators, all in compliance with existing national and international regulations.
The electricity produced by the wind turbines in large power plants is fed to power systems through electric transformers and power electronic controllers [13] - [14] . Once the electric energy is sent to the network, it can be applied to different electric loads. Figure  7 shows a general scheme diagram of electricity production and consumption using wind power.
The present document proposes to apply the electric energy produced by the wind turbines in public street lighting or in municipal water pumping. Both loads have high tariff rates in Zacatecas. . General scheme of electricity production and consumption using wind power.
Electric energy demand in Mexico and Zacatecas state
Mexico had during 2011 a total consumption of 186,638,847 MWh of electric energy, with 4.13% consumed in the public sector (7, 706, 706 MWh) . From the total energy demanded by the public sector, 61.55% was consumed in street lighting and 38.44% of was consumed in water pumping. 6. Case study-wind electric energy production for public street lighting
Capacity of wind power plant determination
According to electricity utility, CFE, energy sales for public street lighting in Zacatecas state during 2011 were 104,774 MWh, representing a continuous operating capacity of 11.96 MW. The total energy sales were 2,565,792 MWh, representing, in average, a continuous generation capacity of 292.89 MW for all services.
The electricity consumption for public lighting in the most important city of Zacatecas state, is in average 1,100 MWh per month, representing approximately a wind power plant generation capacity of 1.52 MW with a capacity factor of 30%. This means a total wind power plant capacity of 5.09 MW. The wind power plant may be build with three sets of wind turbines/generators of 2 MW located in a region near to the mentioned city with the required wind capacity [16, 17] . 
Economic analysis of wind generation costs

Generation cost includes:
• Salaries and employee benefits • Other expenses Table 6 . Electricity generation costs in $ pesos / kWh, using different technology [18] .
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Environmental impact
To estimate the environmental impact let us considered the average per month in the operation of the proposed 6 MW wind power plant capacity mentioned in the previous section, the total power delivered during this period will be 1. In Tables 7 and 8 can be observed the big differences in CO 2 emissions by using fossil fuel and wind energy technologies applied to public street lighting in Zacatecas. This is a simple example of the benefits that can be obtained by using wind energy.
Conclusions
Monitoring and estimation of wind resource of an specific site are fundamental tasks to start a wind power plant project. They determine if the site has the minimum requirements to exploit the wind resource. Once the wind capacity is evaluated, the next step is to establish the electric energy demand.
In this chapter it is discussed how the electric energy demand for public street lightning and water pumping in the State of Zacatecas, Mexico, could be supplied by wind energy. Nowadays, the electricity produced by wind power plants has reached competitive costs that may be applied in public street lighting, besides the reduction of CO 2 emitted to the atmosphere and its corresponding carbon bonuses. It is concluded that is widely recommended to apply the wind energy production in public street lightning for Zacatecas State, even tough is necessary to complete more extensive environmental and grid impact studies.
